To investigate the longitudinal association between sports participation and parent-reported health-related quality of life (HRQOL) in children.
INTRODUCTION
Health-related quality of life (HRQOL) is an outcome of increasing importance to researchers, clinicians, and policy makers (1, 2) . HRQOL encompasses an individual's perceptions, beliefs, expectations and experiences relative to their physical, social, and psychological health (3) . In childhood, various chronic conditions and diseases including cancer (4), heart disease (5), and Type 1 and 2 diabetes (6) are associated with low levels of HRQOL. As such, it is important to investigate factors that may increase HRQOL. However, HRQOL is also an important health outcome in its own right (7) , and for this reason, constructs known to predict children's HRQOL such as weight status (8) and physical activity (9) are also important areas of investigation.
Sport is one component of leisure-time physical activity that can contribute to health at a national level (10) . Sports participation is common among children with around twothirds of all U.S. children participating in at least one sport per year (11) . Evidence suggests that sports participation could have benefits to HRQOL above and beyond those associated with physical activity (12, 13) . The psychosocial health benefits of sports participation are evident among children and adolescents, including self-esteem, positive social interactions, and a reduction in depressive symptoms (13) . Cross-sectional research demonstrates that adolescent athletes have higher HRQOL than the general adolescent population (14) . This may be because sports participants undertake physical activity within an environment that facilitates positive social support such as that provided by coaches and teammates. Sports participation is also associated with the development of social skills and positive peer relationships (15) , which may underpin increases in HRQOL. There may also be differences by type of sports participation, with team sports shown to be more strongly associated with psychosocial health among youth sport participants when compared with individual sports (13, 16) . Furthermore, team sports have been shown to have greater impact on quality of life in adult females than individual sports 11 . However, this literature is hindered by a lack of longitudinal evidence, and a focus on adolescent and adult populations (12) (13) (14) (17) (18) (19) , with no known investigations of the temporal relationship between sports participation and HRQOL in children.
The purpose of this study was to extend the evidence base by examining the longitudinal associations between sports participation and HRQOL in childhood. We hypothesized that children who maintained sports participation from ages 8 to 10 years would report higher levels of HRQOL at age 10 -including total, physical, emotional, social, and school functioning -than children who dropped out of sports during this period, children who had never participated in sports, and children who commenced sports participation after the age of 8 years. We also hypothesized that children who maintained participation in team sports would report higher levels of HRQOL than children who maintained participation in individual sports.
METHOD

Study design and participants
The reporting of this study has followed the guidelines set out in the STROBE statement (20). Data were obtained from the K-cohort of the Longitudinal Study of Australian Children (LSAC) (21). LSAC is a nationally-representative longitudinal survey of Australian children examining the social, environmental and economic impacts on children's development and wellbeing. Data were collected by trained professionals from children's primary parent (the person most responsible for the care of the child, and was usually the child's mother) using face-to-face interviews, parental self-report questionnaires, and parent- 
Statistical Analyses
Data were analysed using IBM SPSS statistical software (version 19, IBM, New York, United States). Univariate general linear models, weighted by 2010 population weights specified in the LSAC dataset (27), were used to examine the association between sports participation and HRQOL (PedsQL full scale and subscale scores). Initially, an unadjusted model was used to examine potential differences by the four groups (participants, nonparticipants, dropouts, and commencers). Subsequently, a fully adjusted model was used, adjusting for the covariates identified above including baseline HRQOL (only fully adjusted models are reported). Pre-specified interactions were included one at a time to examine whether the relationship between sports participation and HRQOL differed by gender or BMI. Bonferroni analyses were performed post-hoc to examine the pairwise comparisons between groups of sports participation. For all analyses statistical significance was set at p < .05.
The second stage of the analyses focused only on children who had maintained regular participation in sports at both Time 1 and Time 2; this allowed for an examination of the potential differences between types of sport participation (i.e., team versus individual).
These children were subsequently categorized as belonging to one of three groups: regular participation in both team sports and individual sports at both Time 1 and Time 2 (team and individual sports); regular participation in team sports only (team sport only); and, regular participation in individual sports only (individual sport only). These relationships were examined using the same analytic approach reported above, and included the same covariates.
RESULTS
Participants
For descriptive purposes, unadjusted PedsQL scores at age 10 are reported in Table 1 and are stratified by selected demographic characteristics. In total, 4,042 participants had complete data on sports participation at both time points and were included in the sample.
Participants with missing data at these time points (n = 122) were more likely to have a parent that had not finished high school. There were no other differences according to study variables (27, 28). Further, a total of 793 (19.6%) participants were excluded from analyses using the fully adjusted model due to missing data on one or more covariates. This resulted in 3,249 participants included in fully adjusted analyses. Independent samples t-tests showed that those participants who were excluded due to missing covariate data had lower At baseline, the mean (SD) age of participants was 8.3 (0.4) years, and the mean (SD) BMI was 17.5 (2.8). There were no significant differences between boys and girls by baseline BMI, primary parent education, standardized household income, or neighbourhood SEP. At baseline, girls were reported to have higher psychosocial functioning and school functioning than boys (p < .05). Baseline PedsQL scores, adjusted for all covariates, are given in Table 2 .
Adjusted Models
The estimated marginal means for PedsQL total and subscale scores by group, adjusted for all covariates and weighted by population weights, are reported in Table 3 . As in the unadjusted analyses, children who maintained any form of sports participation (participants) had higher PedsQL total and subscale scores than nonparticipants, dropouts, and commencers at 2-year follow-up (Eta 2 = .02; p < .05), with no other significant differences between these three latter groups (p > .05). The specific differences between groups are also noted in Table 3 . Of those who maintained their sports participation throughout the 2-year period, HRQOL was significantly higher at follow-up for children who participated in only team sports, or in both team and individual sport (Eta 2 = .01; p = .006).
This general pattern was not observed for the physical health subscale where there was no difference at follow-up by type of sport participation (p > .05), and for the emotional functioning subscale where higher scores at follow-up were predicted by participation in both team and individual sports compared to only team sports (p = .03) and only individual sports (p = .001).
Interaction Analyses
Compared to boys, girls who were nonparticipants or dropouts had significantly lower HRQOL at 2-year follow up for total HRQOL, psychosocial functioning, and social functioning (Eta 2 = .003; p < .05). These relationships are shown in Figure 1 . No interactions were observed between type of sports participation (team/individual/both) and gender on PedsQL total or subscale scores. There were no significant interactions between sports participation (participants/nonparticipants/dropouts/commencers) or type (team/individual/both) and BMI on PedsQL total or subscale scores (p > .05).
DISCUSSION
This study has shown that, after accounting for baseline HRQOL, children who maintain participation in sports between the ages of 8-and10-years report a higher HRQOL at age 10 than children who do not participate in sports, children who drop out of sports, and children who commence participation after the age of 8-years. Differences are potentially due to a protective effect experienced by sports participants. The magnitude of total HRQOL differences between sport participants and non-participants at age 10 (approximately 5 units)
is greater than the minimal change required for a clinically meaningful difference of 4.5 units and individual sports, perhaps due to the common element of physical activity. This is supported by literature which shows that both team and individual sports have strong physical health benefits, however sport has additional psychosocial benefits for children and adolescents (13) .
While this study addresses limitations in previous research and extends important findings related to HRQOL into childhood, there are several limitations. This study assessed only a small window in childhood so results may not be generalizable beyond the ages of 8-10 years. Replication and extension beyond this age group is needed. In addition, longer periods of observation may be needed to determine the full extent of the potential influence of sports participation on HRQOL. Further, while the measure of sports participation ensured that minimum levels of engagement were required to constitute participation in sports, it is not possible to ascertain potential dose-response relationships. Further, the PedsQL is a parent-reported measure of the functional status of children with a focus on difficulties and problems. It is possible that sports participation can do more than alleviate functional difficulties and problems, however, this could not be captured by the PedsQL. Parentreported HRQOL has been shown to be highly correlated with children's self-reported HRQOL and is sensitive to the incidence and severity of health conditions such as obesity and heart disease (5, 8) . Lastly, a considerable proportion of children were excluded due to missing data (19.6%), with these children more likely to have a lower HRQOL, as well as a lower household and neighborhood level SEP at baseline. The present results may therefore be biased, and may not be generalizable to children from lower socio-economic backgrounds. 
Conclusion
